Background. Cardiovascular disease is the main cause of death in older adults. Uncontrolled blood pressure is an important risk factor for cardiovascular disease. African Americans have poorer blood pressure control than non-Hispanic whites. Little is known about whether this difference persists in older ages or the factors that contribute to this racial gap.
I
N the United States, more than 31% of the population has hypertension or is taking antihypertensive medication. The prevalence of hypertension rises to more than 60% in older age and is higher in both middle-aged and older African Americans compared with non-Hispanic whites ( 1 , 2 ) .
Although large-scale clinical trials have shown that the control of elevated blood pressure signifi cantly reduces the risk for major cardiovascular disease (CVD) outcomes ( 3 , 4 ) , a substantial portion of hypertensive patients do not achieve blood pressure control ( 1 ) . Data from the 2005 -2006 National Health and Examination Survey suggest that blood pressure is controlled for only 64% of all patients on antihypertensive medication. Moreover, the control rate is considerably lower in adults 60 years and older compared with younger adults (58% vs 72% , respectively) ( 1 ), which may in part contribute to the 80% of deaths among adults 65 years of age or older that are attributed to CVD ( 5 ) .
African Americans also tend to have poorer blood pressure control compared with other racial/ethnic groups ( 1 , 2 ) . These racial differences have been partially explained by inequalities in health care access ( 2 ) . However, there is very little information on racial differences in blood pressure control in older populations where more universal access to health care through Medicare might translate into smaller racial gaps in blood pressure control. Although a handful of studies suggest that racial differences in blood pressure control persist into older age ( 6 ) , there is little information about the different factors that account for the differences in blood pressure control among older African American and white adults.
Differences in Blood Pressure Control in a Large Population-Based Sample of Older African Americans and
Non-Hispanic Whites
Our goal in this analysis was to use data from a large population-based epidemiological study of African Americans and w hites to examine the magnitude of racial differences in blood pressure control among older adults who report having and being treated for high blood pressure. In addition, we evaluated the role of socioeconomic status (SES), comorbid conditions, obesity , and use of antihypertensive medications as contributors to racial differences in blood pressure control.
M ethods

Study Design and Population
Data come from the Chicago Health and Aging Program (CHAP), an ongoing population-based study of Alzheimer ' s disease and other common chronic conditions of older age. CHAP has been previously described in detail ( 7 ) . Briefl y, between 1993 and 1996 the CHAP study conducted a census of the entire population of three community areas on the south side of Chicago. These communities were selected because they contained a roughly equal number of African Americans and non-Hispanic whites, with a reasonably wide spectrum of SES within each group, and a residentially stable population conducive to the conduct of a longitudinal study. All residents aged 65 years and older were identifi ed in the census and were invited to participate. Of the 7,813 eligible residents, 6,158 (78.9%) enrolled. The baseline assessment took place from 1993 to 1996 and consisted of an in-person interview conducted in the participants ' homes. The assessment included structured questions on sociodemographic variables, medical history , and various other domains as well as a standardized assessment of blood pressure and other biological measures. Assessments have been repeated in 3-year cycles until the present. To maintain a stable cohort size, new age-eligible participants were added to the original cohort starting in 2000 and participated in the same 3-year cycles of interviews. As of 2003, residents aged 65 years and older from an adjacent community area were also invited to participate, to provide a more racially balanced study population. The present analysis combines the baseline data from the original cohort and successive age cohorts, which were collected during the following periods: 1993 -1996, 2000 -2002, 2003 -2005 , and 2006 -2009 . Our analysis is restricted to participants who self-identifi ed as African American or non-Hispanic w hite ( N = 9,406). Less than 1% of all participants were excluded due to being of another racial or ethnic group. The CHAP study is approved by the Institutional Review Board at Rush University Medical Center.
Study Measures
Blood pressure measures. -The interview included assessment of actual blood pressure according to the Hypertension Detection and Follow-Up Program protocol ( 8 ) . Mercury sphygmomanometers were used from 1993 to 2005; these were replaced with digital sphygmomanometers starting in 2006. Arm blood pressure was measured twice, 1 minute apart, in the seated position in the nondominant arm following a 5-minute rest using a random sphygmomanometer. The average of the two values was used as measures of systolic and diastolic blood pressure, respectively. High blood pressure was defi ned according to the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure criteria (JNC 7) ( 9 ) as having a systolic blood pressure ≥ 140 mmHg or a diastolic blood pressure ≥ 90 mmHg upon examination, or self-reported current use of medication for high blood pressure.
Defi nition of hypertension awareness, treatment , and control. -A person was considered " aware " of hypertension if he/she answered positively to the question " Have you ever been told by a doctor, nurse, or therapist that you have high blood pressure? " A participant was considered " treated " if he/she reported taking antihypertensive medications at the time of the interview or if the interviewer corroborated the use of medications with antihypertensive properties upon review of the participant ' s medications. A treated participant was considered to have his/her blood pressure " controlled " if his/her average systolic blood pressure was less than 140 mmHg and his/her average diastolic blood pressure was less than 90 mmHg according to JNC-7 criteria. This approach is consistent with previous studies of blood pressure control ( 1 , 10 , 11 ) . Due to the lack of diagnostic evaluations in CHAP, we did not use stricter blood pressure control guidelines for specifi c patient subpopulations (ie , patients with diabetes).
Medication variables. -As part of the interview, participants were asked to show all prescription and over-thecounter medications to the interviewer, who recorded name and dosage. Medications were then classifi ed using the MediSpan system ( 12 ), which facilitates grouping them by their biological active agents, including individual ingredients of combination products. We created a separate variable by grouping all medications that may have antihypertensive effects, including diuretics, beta-blockers, angiotensin converting enzyme inhibitors, angiotensin II receptor blockers, calcium channel blockers , and central acting antihypertensives. For convenience, we will refer to these medications as antihypertensive medications, while acknowledging we did not collect information on the specifi c medical condition for which each medication was prescribed.
Demographic and other measures. -Demographic measures included participant age, race, income, and educational attainment. Age at the time of interview was calculated using self-reported date of birth. Questions on race were based on the U.S. Census questionnaires. Total household income was measured at the time of the interview using a color-coded card with 10 income categories, ranging from less than $5,000/yr to more than $75,000/yr. Educational attainment was recorded as years of formal schooling completed.
Body mass index was calculated based on participants ' height and weight. Weight was measured at the time of the interview using a digital scale on a hard fl at surface without shoes and was recorded in pounds. Height was reported by participants in feet and inches. Body mass index (kg/m 2 ) was computed by converting height and weight to metric fi gures. Obesity status was determined for every participant with a body mass index calculated value equal to or greater than 30. Information on concurrent chronic medical conditions was obtained at the time of interview. Interviewers asked participants to self-report a history of other medical conditions diagnosed by a health care provider. These diagnoses included cancer, myocardial infarction, diabetes, hip fracture , and stroke.
Analysis
In order to focus on racial differences in blood pressure control, analysis was limited to participants treated for hypertension.
Univariate chi-square analysis was used to evaluate differences between African American and non-Hispanic white participants in demographic, social, and medical characteristics. A multiple imputation procedure was performed to account for missing income data in 12% of participants.
To evaluate racial differences in blood pressure control , we conducted sequential multivariate logistic regression models: The fi rst model tested the relationship between race and blood pressure control after adjusting for age and sex. In the second model, we added education and income to evaluate how these variables modifi ed the relationship between race and blood pressure control. In the subsequent models, terms for comorbid conditions, obesity , and the observed use of antihypertensive medications were included to determine their role in racial differences in blood pressure control. In secondary analyses , we added interaction terms of race with age, sex, income , and education to see if racial differences in blood pressure control varied as a function of these characteristics. Finally, in an exploratory analysis, we assessed temporal trends in racial differences in blood pressure control. To that end, we added terms for the time of interview to the logistic regression model and the interaction between cycle of interview and race. Statistical analyses were conducted using the SAS analytical software (Raleigh, NC).
R esults
Of the 9 , 406 CHAP participants, 6 , 608 (70%) were found to have high blood pressure at their baseline interview. Of these, 5 , 178 (78%) indicated that they were aware of their high blood pressure, and of these, 4 , 850 (92%) reported being treated for high blood pressure ( Table 1 ). In general, compared with non-Hispanic whites, African Americans had a higher prevalence of high blood pressure (74% vs 63%; p < .001), were more likely to be aware of it (81% vs 72%; p < .001), and to report being currently treated for it (94% vs 92%; p = .003).
Demographic C haracteristics
The remainder of the analysis focuses on participants treated for hypertension ( Table 1 , column 3; n = 4 , 850). Their demographic characteristics are presented in Table 2 . Participants were predominantly African American and female. African Americans tended to be younger, had fewer years of education , and lower income than non-Hispanic whites. Obesity was more prevalent in African Americans. Although there was no difference in the mean number of medical conditions between both groups, the number of participants with cancer, diabetes, stroke , and hip fracture was signifi cantly different between the two racial groups ( Table 2 ).
Blood pressure -related variables. -Blood pressure was controlled in less than half (47%) of the participants with reported treatment for hypertension, with a signifi cantly lower control rate among African Americans than non-Hispanic whites (45% vs 51%; p < .001) ( Table 1 ) . No racial differences were observed in the number of antihypertensive medications prescribed to participants ( Table 2 ) . Prescriptions for calcium channel blockers and diuretics were proportionally higher among African Americans, wh ereas prescriptions for beta blockers were higher among non-Hispanic w hites.
Regression models. -In Model 1 , adjusting for age and gender, blood pressure control was signifi cantly lower among African Americans than non-Hispanic w hites ( odds ratio = 0.74, 95% confi dence interval = 0.65 -0.84; Table 3 ). Racial differences in blood pressure control were slightly reduced ( odds ratio = 0.84, 95% confi dence interval = 0.73 -0.97) but remained signifi cant after additional adjustment for income and education (Model 2). The association remained largely unchanged after adjustment for concurrent medical conditions (Model 3), obesity (Model 4) , and antihypertensive medications ( odds ratio = 0.81, 95% confidence interval = 0.70 -0.94; Model 5). Addition of individual antihypertensive medication classes to our model did not change this association. We found no signifi cant interactions between race and age, sex, education , or income, suggesting that racial differences in blood pressure control did not vary as a function of any of these factors. Because the data for this analysis were collected over a period of more than 15 years, we explored potential temporal trends in racial differences in blood pressure control by adding an interaction term between race and cycle of data collection. There were no signifi cant racial differences in blood pressure control rates at baseline (see Table 4 ). However, in all later data collection cycles, control rates improved substantially more among non-Hispanic whites than African Americans, leading to a growing disparity between the two racial groups.
D iscussion
In this population-based study of older adults , we found that compared with non-Hispanic whites, African Americans had a higher prevalence and level of awareness of hypertension. Among those who reported being under treatment, the rate of blood pressure control was signifi cantly lower for African Americans. Despite the substantial differences in SES between the two racial groups, adjustment for SES had only a small effect on racial differences in blood pressure control in this elderly population. Further adjustment for chronic medical conditions, obesity , and antihypertensive medications had no signifi cant impact on racial differences in blood pressure control.
Although the overall prevalence of hypertension in our study was similar to that found in the National Health and Nutritional Examination Survey (NHANES) study, only half of the participants who reported being treated for hypertension had their blood pressures controlled, a rate lower than that reported in the NHANES (58% of the population 60 years or older and in 72% of younger adults) ( 1 ). The fact that NHANES participants are younger, on average, than those in this study and the fact that younger age is associated with better blood pressure control could explain the differences between our data and results from NHANES. We conjecture that the higher awareness of hypertension is related to an increased perceived risk by older African Americans.
We found substantial racial differences in blood pressure control in our study. Other studies have found similar differences ( 2 , 6 , 11 , 13 -15 ). The one large study that has examined this question in an older population using NHANES data found no signifi cant differences in blood pressure control between African Americans, non-Hispanic whites , and Mexican Americans on antihypertensive medications ( 1 ). The differences in the results between our analysis and the NHANES study could be explained by the use of only urban area participants in CHAP and the segregation of the neighborhoods in Chicago.
Few studies have focused on understanding the factors that contribute to these racial gaps in blood pressure control in older adults. Given that older adults have greater access to medical care and medication through Medicare, the factors that contribute to differences in blood pressure control may differ than those that matter in younger populations. One factor that has been shown to account for other racial disparities in health and health care is SES and in particular , differences in income and education ( 6 ) . In our study , income and education had little impact on the racial differences in blood pressure control, suggesting that socioeconomic factors account for little of the racial differences in blood pressure control we found in older adults.
Other factors must account for observed differences in blood pressure control by race.
Bosworth and colleagues found that lack of medication adherence, medication side effects , and alternative health beliefs about hypertension were more prevalent in African Americans than whites and proposed these factors as a possible explanation for racial differences in blood pressure control ( 13 ) . Differences in medication adherence may also be a factor. In a study addressing hypertensive medication compliance among elderly Medicaid enrollees, Monane and colleagues ( 16 ) found that older age and being white was associated with better medication adherence. Similarly, other studies have found poorer medication adherence among African Americans ( 17 ). Although not a proxy for medication adherence, we were able to control for antihypertensive medications that our participants said they were currently using , and this did not account for the racial gap in blood pressure control after adjusting for SES.
Other studies have examined the degree to which racial differences in health outcomes are related to inequalities in access to health care. While looking for racial differences in CVD indicators in older adults, Rooks and colleagues ( 2 ) suggested that racial differences in health care access and quality of care were associated with a higher prevalence of hypertension in black men. Although all participants in our study were Medicare eligible, this does not mean that enrollees have equal access to health care ( 18 , 19 ) . Older black adults are more likely to experience psychosocial and structural barriers to health care access , such as lack of knowledge about available services, increased distance to health care facilities , and residence in segregated neighborhoods ( 20 , 21 ) .
Finally, our exploratory analysis suggested an improvement in blood pressure control rates over time, which is possibly related to more aggressive treatment of high blood pressure in older adults in more recent years ( 22 ) . Our data suggest that older non-Hispanic whites may have benefi tted substantially more from improved blood pressure control than older African Americans. The slight drop in control rates in the last cycle may be due to a change in blood pressure assessment, when the CHAP study switched from a mercury sphygmomanometer to a digital device, which tends to produce slightly higher blood pressure readings ( 23 ) . These fi ndings remain inconclusive but suggest the need for a more systematic investigation of this issue in future studies of blood pressure control among older adults.
This study was not without limitations. It was a crosssectional analysis of African Americans and whites in Chicago. Our samples were defi ned on self-reported data on awareness of hypertension and hypertension treatment. Although it may be seen as a limitation, this is the standard method used by other national studies of blood pressure, allowing for comparison across studies. An important strength of our analysis is that it involves a large population of older African Americans and non-Hispanic whites, with a reasonably wide spectrum of SES within each racial group. Due to these characteristics , we feel that our results can be generalized to similar urban populations in the U nited S tates .
Hypertension and CVD are important causes of morbidity and mortality in the elderly population. Our results indicate that racial disparities in blood pressure levels and hypertension control rates among older African Americans and nonHispanic whites are likely an important contributor to disparities in CVD in the elderly population . They further suggest that these disparities place a particular burden on health care insurance programs such as Medicare. As socioeconomic factors did not seem to account for differences in blood pressure control, a focus on prevention and control strategies earlier in life may be needed to reduce disparities in later life, when elevated blood pressure may lead to more frequent serious medical complications, such as stroke and CHD.
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